In reply to internal or external danger stimuli, the body orchestrates an inflammatory response. The endogenous triggers of this process are the damage-associated molecular patterns (DAMPs). DAMPs represent a heterogeneous group of molecules that draw their origin either from inside the various compartments of the cell or from the extracellular space. Following interaction with pattern recognition receptors in crosstalk with various non-immune receptors, DAMPs determine the downstream signaling outcome of septic and aseptic inflammatory responses. In this review, the diverse nature, structural characteristics, and signaling pathways elicited by DAMPs will be critically evaluated.
In reply to internal or external danger stimuli, the body orchestrates an inflammatory response. The endogenous triggers of this process are the damage-associated molecular patterns (DAMPs). DAMPs represent a heterogeneous group of molecules that draw their origin either from inside the various compartments of the cell or from the extracellular space. Following interaction with pattern recognition receptors in crosstalk with various non-immune receptors, DAMPs determine the downstream signaling outcome of septic and aseptic inflammatory responses. In this review, the diverse nature, structural characteristics, and signaling pathways elicited by DAMPs will be critically evaluated.
Inflammation is the body's defense to microbial invasion or a critical response to tissue injury under aseptic or sterile conditions. Foreign agents (e.g. bacteria or viruses) release pathogenassociated molecular patterns (PAMPs) 2 that are recognized by pattern recognition receptors (PRRs) of the immune system and thus trigger an inflammatory response (1) . In contrast, sterile inflammation, an important characteristic of myocardial infarction, atherosclerosis, several autoimmune diseases, and cancer, is induced by the release of endogenous molecules called DAMPs following tissue stress or injury (2) (3) (4) (5) . PAMPs and DAMPs are highly conserved motifs derived from the pathogens themselves (PAMPs) or from self-molecules that are normally hidden from the PRRs by compartmentalization (intracellular DAMPs) or sequestration in the ECM (extracellular DAMPs). DAMPs, similar to PAMPs, are recognized by PRRs. Five classes of PRRs have currently been described: cell surface or endosomal Toll-like receptors (TLRs), cytoplasmic NOD-like receptors (NLRs) and inflammasome, intracellular RIG-I (retinoic acid-inducible gene-I)-like receptors, transmembrane C-type lectin receptors (e.g. dectin-1), and AIM2 (absent in melanoma 2)-like receptors (6) . It is not well understood why, despite the structural heterogeneity of DAMPs, they share the capacity to bind and activate the same PRRs, frequently TLR2 and TLR4, to trigger an immune response (7) ( Tables 1 and 2 ). The complexity of DAMP-TLR-mediated immune signaling is further increased by accessory molecules (e.g. cluster of differentiation CD14, CD36, and myeloid differentiation 2 (MD2)) and by the CD14 preference for DAMPs (8, 9) . Additionally, after TLR dimerization, the adaptor molecules myeloid differentiation factor 88 (MyD88), TIR domain-containing adaptor-inducing interferon (TRIF), TRIF-related adaptor molecule (TRAM), MyD88-adaptor like (Mal), and sterile ␣ and armadillo motif-containing protein (SARM) are recruited, resulting in activation of NF-B pathway (via MyD88) and interferon (via TRIF) (10) .
Several classes of DAMPs can be identified based on their origin or chemical nature (Tables 1 and 2 ). The molecular makeup of DAMPs is quite heterogeneous, ranging from the small uric acid or ATP molecules to large proteins Ͼ100 kDa in size and even organelles (11, 12) . In turn, this high structural diversity allows DAMPs to achieve cross-talk between PRRs and a wide variety of "non-immune" receptors, finally impacting on the complexity of DAMP signaling (5, 7) . In this review, I provide a critical appraisal of the diverse modalities of DAMP generation and discuss the major receptors and signaling pathways operating in DAMP-mediated inflammation.
Origin of DAMPs
DAMP liberation occurs from the extracellular or intracellular space following tissue stress and injury or cell death.
DAMPs Derived from the Extracellular Matrix (ECM)
There is growing evidence that a series of molecules that are under normal conditions sequestered components of the ECM can be proteolytically released from the ECM following tissue injury to act in their soluble form as DAMPs (Table 1 and Fig. 1 ) (7, 13) . Some of these soluble ECM fragments engage multiple PRRs, initiating a rapid inflammatory reaction. To ensure continuation of the inflammatory response, the cytokine-activated macrophages followed by tissue-resident cells start the de novo synthesis of intact and soluble ECM-derived DAMPs (Table 1 ) (14 -16) .
Proteoglycans (PGs) are the best characterized ECM-derived DAMPs (7) . Based on their complex structure, containing protein core and various glycosaminoglycan side chains, proteoglycans are capable of interacting with distinct receptors and orchestrating their signaling cross-talk (Table 1 and Fig. 1) (5,  7) . Upon release from the ECM by several proteolytic enzymes, such as bone morphogenetic protein (BMP)-1, matrix metalloproteinase (MMP)-2, MMP-3, MMP-13, and granzyme B (17), two chondroitin/dermatan sulfate small leucine-rich proteoglycans (SLRPs), biglycan (16) and decorin (14) , act as endogenous ligands of TLR2/4 and trigger sterile inflammation (14 -16) . Furthermore, biglycan-dependent interaction of TLR2/4 with purinergic receptor P2X, ligand-gated ion channel, 7 (P2X 7 ) results in the autonomous synthesis and maturation of IL-1␤ via activation of the leucine-rich repeat (LRR)-and PYD domain-containing protein (NLRP)3 inflammasome and caspase-1 (18) . In contrast, soluble decorin stimulates signaling of TLR2/4 and inhibits TGF-␤1 activity, thereby creating a pro-inflammatory environment that appears to be beneficial in the treatment of established tumors (14) . Thus, both SLRPs as ligands of the same TLRs trigger different downstream signaling outcomes due to their interaction with other receptors, growth factors, and ECM components. The data regarding other SLRPs in maintaining danger signals are sparse. Interestingly, instead of being a canonical DAMP, lumican, a keratan sulfate member of the SLRP family, acts as a helper of PAMP via binding to and presenting LPS to the TLR adaptor CD14 (19) . For further details regarding the mechanism of SLRP release and their use as biomarkers in inflammation, please refer to recent more specific reviews (5, 7, 13, 20, 21) .
Versican, a chondroitin sulfate PG and the largest member of the hyaluronan-and lectin-binding proteoglycans, has been suggested to act as a ligand to the TLR2/TLR6 heterodimer and to its adaptor CD14, thereby promoting metastatic spread of cancer (22) . Besides "true" PGs, hyaluronan (HA), a non-sulfated glycosaminoglycan that is never covalently linked to a protein core, is capable of evoking a danger signal in response to injury following partial enzymatic cleavage by hyaluronidases (23) . The resulting low molecular weight (LMW)-HA fragments accumulate and stimulate TLR2/4 and inflammatory gene expression, thereby promoting angiogenesis and cancer metastasis (7, 23, 24) . Furthermore, active heparan sulfate (HS) fragments generated by heparanase-1 from extracellular barriers (25) and HS proteoglycan sources, such as the basement membrane perlecan (26) , the cell surface syndecans (27) , and glypicans (28) , serve as TLR4-interacting DAMPs (29, 30) (Fig.  1) . Several glycoproteins, such as MMP-cleaved extra domain A of fibronectin (31, 32) , extravascularly deposited fibrinogen (33) , and tenascin C, can act as DAMPs via TLR4 (34) ( Table 1) .
Despite initial skepticism regarding potential contaminations, it is now broadly accepted that the ECM serves as a reservoir of sequestered DAMPs that upon release facilitate a rapid response to tissue injury. Thus, there is much stored information in the ECM that is not only structural in nature but also functional when released by activated enzymes.
Intracellular DAMPs
Besides ECM-derived DAMPs, there is a vast and heterogeneous group of intracellular danger molecules. Cells dying from classical, accidental, and secondary necrosis or apoptosis release endogenous molecules from different compartments or organelles ( Table 2 and Fig. 1 ) that can act as extracellular soluble DAMPs (11) .
Mitochondrial DAMPs-During various types of cell death, both programmed and unprogrammed, mitochondria are the major organelles that release various types of DAMPs (Table 2 and Fig. 1 ). Moreover, mitochondria are the only organelles that act as DAMPs by themselves following release during necroptosis (12) . Intact mitochondria purified from necrotic cells are engulfed by human monocyte-derived macrophages and induce the production of pro-inflammatory cytokines (12) . When injured, mitochondria can release into the circulation various intra-mitochondrial components such as mtDNA (35) , formylated peptides (35) , and ATP (36), all of which are recognized by PRRs of the immune systems and act as DAMPs (37, 38) . mtDNA can also be detected in transfusion blood and may contribute to transfusion-related acute lung injury (39) . In the human brain, mitochondrial transcription factor A (Tfam) can be released into the extracellular space and can be recognized by microglia, thereby inducing a pro-inflammatory response (40) .
Despite the emerging role of mitochondrial molecules as DAMPs, it becomes clear that this pathway is operational in various inflammatory diseases. Further studies addressing cellular responsibility to mitochondrial DAMPs, their modulators of immunological activity, and their signaling pathways are required to better define their potential therapeutic target.
Autophagy-related DAMP Release-Various DAMPs can be released by stressed cells undergoing autophagy or injury without overt cell death. Evidence has been brought forth regarding the autophagy-mediated release of high-mobility group protein B1 (HMGB1), ATP, IL-1␤, and DNA (41, 42) ( Table 2 and Fig. 1 ).
The induction of autophagy in glioblastoma cells correlates with the release of HMGB1 without evoking either lysis of the plasma membrane or classical necrosis. In contrast, dying epithelial cells do not evoke autophagy but induce caspases and retain HMGB1 (43) . Moreover, HMGB1 localizes to a subset of autophagosomes prior to its release from diphtheria toxin-EGF-treated cells (43) . Additionally, epigallocatechin gallate, 
TABLE 2
The nature and sources of intracellular DAMPs
Abbreviations: aa, amino acid; DT-EGF, epidermal growth factor receptor-targeted diphtheria toxin; ER, endoplasmic reticulum; FPR1, formyl peptide receptor; IAV, influenza A virus; IL-1R, interleukin 1 receptor; mROS, mitochondrial reactive oxygen species; RIP1, receptor-interacting protein; RSV, respiratory syncytial virus.
the ester of epigallocatechin and gallic acid, and a type of catechin, inhibits the release of HMGB1 from macrophages by forming a complex, which is degraded in an autophagy-dependent manner (44) . ATP is released from dying autophagic cells through the pannexin-1 channel and activates the NLRP3 inflammasome following cell engulfment by macrophages (45) . Moreover, autophagic inducers determine the transfer of ATP-loaded vesicle-associated membrane protein (VAMP) 7-positive endocytic/autophagic compartments (amphisomes) to the cell periphery. There, under starvation, they fuse with the plasma membrane, thus liberating ATP extracellularly (46) . IL-1␤ is a DAMP that can be actively secreted from the cells in response to either PAMPs or other DAMPs, but it can also be passively released by necrotic cells (41) . Many studies have shown that autophagy is a limiting factor for IL-1␤ release when it is induced by inflammasome activators. This may involve ubiquitination of inflammasomes, recruitment of p62, and active inflammasome elimination through autophagosomedependent degradation (47) . Furthermore, the absence of autophagic proteins microtubule-associated protein-1 light chain 3B (LC3B) and Beclin1 in macrophages determines higher activation of caspase-1 and maturation of IL-1␤ and IL-18 in correlation with the liberation of mtDNA in the cytosol in response to LPS/ATP stimulation (48) . On the other hand, autophagy induced by starvation promotes the NLRP3 inflammasome-dependent IL-1␤ secretion following nigericin stimulation. This effect is based on the activation of the autophagymediated unconventional secretory pathway, which requires the extracellular release of IL-1␤ (49) .
Nuclear DAMPs-The translocation of various nuclear molecules, such as HMGB1, histones, or DNA, is another mechanism described for DAMP formation during inflammation or cell death (50) . HMGB1 is a nuclear non-histone DNA-binding protein that can also translocate to the cytoplasm and is released extracellularly through vesicular transport (50) . Notably, HMGB1 can be produced not only by activated monocytes and macrophages, but also by necrotic or injured fibroblasts in a passive way (51) (52) (53) (54) , and to a lesser extent during late apoptosis (55) . HMGB1 is also found in microparticles derived from apoptotic HeLa and Jurkat cells (56) . Moreover, HMGB1 presents a different redox state during apoptosis and necrosis by being reduced or oxidized, respectively (50, 57) .
Histones are nuclear proteins that form hetero-octamers to wind up double-stranded DNA to form chromatin as well as chromosomes (58) . Histone release during sepsis increases endothelial cell dysfunction, organ failure, and death (59) . In bacterial infections, histones are generally released either by dying neutrophils, especially during the formation process of the so-called neutrophil extracellular traps (60) , or by dying tubular epithelial cells (58) . In vivo DNA is also found released in the plasma of animals with hepatic models of apoptosis and necrosis (61, 62) . Thus again and in analogy to extracellular and other intracellular DAMPs, a complex and expanding class of participants regulates the generation of DAMPs derived from the nucleoplasm. Following cell death or injury, various intracellular DAMPs are released extracellularly from mitochondria, the autophagosome, the nucleus, and the cytosol. In turn, HMGB1, histones, HSPs, and S100 proteins target the cell surface TLRs. mtDNA activates the intracellular TLRs following endocytosis. In addition, histones and uric acid activate the inflammasome following phagocytosis, whereas ATP activates the inflammasome in a P2X 7 -dependent manner. Alternatively, tissue injury or stress determines the release of various ECM-derived DAMPs as a consequence of proteinase activity. Thus, SLRPs (biglycan, decorin), HA, and HS trigger cell surface TLRs activation. In addition, the SLRP biglycan activates the inflammasome via the P2X 7 receptor. In contrast, HA is internalized in a CD44-dependent manner, and after fragmentation into HA-oligosaccharides, activates the inflammasome.
Cytosolic DAMPs-Uric acid is one of the main endogenous immunological danger signals. It is constitutively present in all cells, but its levels increase following cell injury (63) . It is the end product of purine nucleotide breakdown (64) . Dying cells release uric acid extracellularly, which is then able to evoke immune responses such as the induction of dendritic cell maturation and increase in priming of CD8 T-cell responses to cross-presented antigens (65) . In addition, uric acid is present in the circulation, and its increased levels correlate with progression of gout (66) .
The Ca 2ϩ -binding proteins S100A8 and S100A9 have been extensively implicated in the induction of inflammation and fibrosis (4). They act as DAMPs after release from phagocytes in response to cell stress (67) . Their secretion does not depend on the classical endoplasmic reticulum/Golgi route. Instead, it has been demonstrated that S100A8 and S100A9 are released by human monocytes after activation of protein kinase C tubulindependent pathway (68) . A recent study has demonstrated that, following influenza A virus infection, S100A9 is released into the extracellular environment from undamaged macrophages and acts as a DAMP by augmenting pro-inflammatory responses, cell death, and virus pathogenesis (69) .
Heat shock proteins (HSPs) are a class of proteins that normally play the role of chaperones and assist the biosynthetic machinery in the proper correct folding of proteins (70) . However, HSPs can also act as DAMPs by interacting with TLRs following release from the intracellular space (71) . HSPs are generally released from dying cells following apoptosis, necrosis, and cellular stress (72, 73) (Fig. 1) . Thus, both intracellular and released products can act as DAMPs under the appropriate pro-inflammatory stimuli.
DAMP Receptors and Signaling Pathways

Toll-like Receptors
TLRs are type I integral membrane proteins that are capable of recognizing a variety of stimuli, including PAMPs or DAMPs, and trigger the immune response (74) . TLRs possess one transmembrane helix, a highly glycosylated N-terminal ectodomain (ECD) responsible for ligand recognition, and a C-terminal Toll IL-1 receptor (TIR) domain responsible for signaling (74) . Ten TLRs have so far been described in humans, and 13 have been described in mice (75, 76) . Although most TLRs are present at the cell surface, some (TLR3, TLR7, TLR8, TLR9, and TLR13) can localize to the endosomal membrane (75, 76) (Fig. 1) . The latter suggests that TLRs might have some additional functions in addition to the classical regulation of infection.
The most remarkable feature of TLRs is the presence of LRRs in their ECDs (74) . These motifs, typically 22-29 residues long, are responsible for the distinct horseshoe shape adopted by TLR ECDs and mediate ligand recognition in TLRs. Note that these LRRs are designed to mediate protein-protein interactions and are also shared by decorin and biglycan, two ligands for TLR2/4.
A number of crystal structures have shown how the direct interaction of TLR ECDs and PAMPs occurs. Depending on the specific ligand, this process involves the formation of TLR hetero-or homo-dimers and sometimes utilizes accessory and adaptor molecules (see the Introduction) (2) . Finally, the general end product of TLR activation is the NF-B or interferon pathway leading to cytokine production (77) .
Almost all classes of DAMPs can bind to TLRs (Tables 1 and  2) , and a selection of those classes is shown in Fig. 1 . TLR9 recognizes DNA containing unmethylated CpG motifs that are usually derived from bacteria or viruses. However, it can also recognize mitochondrial DNA that contains similar CpG sequences and activate immune pathways identical to those elicited in sepsis (35) . HMGB1 can associate with TLR9 and CpG-DNA and hasten redistribution of TLR9 to early endosomes in response to the CpG-DNA analog CpG-oligodeoxynucleotide (CpG-ODN) (78) . Additionally, HMGB1 serves as a ligand for TLR2/4 (50), a feature it shares with histones (58) and decorin/biglycan (14, 16) .
Notably, HMGB1 bioactivity is regulated via redox modifications of Cys residues, insofar as either oxidation or reduction of essential Cys residues can inhibit cytokine production (57) . Monosodium urate can also activate macrophages through TLR2/4 (79). Although S100 proteins are known activators of TLR4 (69), S100B can also bind TLR2 and inhibit its activity (80) . HSPs are also ligands of TLR2/4 (72) . In the case of biglycan and decorin, interaction with TLRs is most likely mediated by LRRs present in the ligands (14 -16) . HS and LMW-HA both activate TLR4 (25, 81) .
Although structures of TLR-DAMP complexes have not yet been determined, it is conceivable that at least some of the binding sites for PAMPs can also be employed by DAMPs. However, evidence also exists that DAMPs can utilize binding sites different from those utilized by PAMPs (82) and that DAMPs can utilize different accessory proteins for binding to TLRs than those used by PAMPs (2) . Also interesting is the fact that some DAMPs can trigger from downstream responses different from those evoked by PAMPs binding to the same TLR (81) . Collectively, these findings point to a central paradigm whereby TLR activation is more than a simple on/off event.
It is particularly interesting that signaling initiated by activation of the same receptors results in different downstream effects depending on the initial DAMP. Employing various accessory and adaptor molecules of TLRs, some DAMPs (e.g. PGs) can target diverse non-immune receptors, thereby refining the final outcome of combined signaling cascades (7) . In contrast to PAMPs, selected DAMPs have the unique ability to interact with two TLRs, frequently TLR2/4, sensing Gram-positive as well as Gram-negative pathogens. The fact that the affinity binding of two DAMPs, biglycan and decorin, to TLR4 is comparable with those of LPS (14, 83) further underscores how powerful these DAMPs are. Thus, it is conceivable that the DAMP-PAMP interaction defines the biological outcome of TLR signaling.
The Receptor for Advanced Glycation End Products (RAGE)
One of the best-studied DAMP receptors is RAGE. The fulllength receptor contains three parts: an extracellular region that is responsible for ligand interaction through its V domain, a transmembrane domain to anchor the protein to the cell surface, and a cytoplasmic domain that is responsible for down-MINIREVIEW: Damage-associated Molecular Patterns DECEMBER 19, 2014 • VOLUME 289 • NUMBER 51 stream signaling (84) . RAGE can also exist in truncated forms following alternate splicing or protease processing. In the absence of its V domain, it cannot bind ligands, whereas in the absence of the transmembrane domain, it becomes soluble and can bind ligands, acting as a decoy receptor by preventing them from binding and activating mature RAGE (84) . RAGE was initially identified as a receptor for advanced glycation end products (AGEs) (85) . However, it was later shown to serve as a receptor for a number of DAMPs, including HMGB1 (53), S100 proteins (86) , and amyloid-␤ protein (87) .
An intriguing aspect of RAGE is that its expression can be up-regulated by the presence of its ligands, leading to an amplification of the initial response (84) . Interestingly, despite the structural diversity of RAGE ligands, activation of RAGE leads to a common pathway: the activation of NF-B, cell proliferation, and TGF-␤ production (84) . This makes RAGE a valuable target not only in Type 1 diabetes (88), but also in Type 2 diabetes, atherosclerosis, pulmonary fibrosis, and cancer (89) .
The Inflammasome
A particular role in DAMP signaling is played by the NLRP3 inflammasome. The NLRP3 inflammasome contains the NLRP3 protein, the adaptor protein apoptosis-associated speck-like protein containing a CARD (ASC), and the cysteine protease caspase-1 (90) . Assembly of the inflammasome leads to the cleavage of caspase-1 to its active form, which, in turn, cleaves the pro-IL-1␤ precursor into mature IL-1␤. Interestingly, IL-1␤ is also classified as a DAMP, thus making NLRP3 both a receptor and a source of DAMPs.
Activation of the NLRP3 inflammasome can occur as a response to a number of distinct DAMPs. Perhaps the most investigated is the assembly of the NLRP3 inflammasome in response to ATP. Accordingly, extracellular ATP activates the purinergic receptor P2X 7 present on the cell surface, causing potassium efflux from the cell. Potassium efflux, in turn, mediates the assembly of the NLRP3 inflammasome (90) . Uric acid can also activate the NLRP3 inflammasome (91), a process that requires the LRR domain of NLRP3 (92) . LMW-HA was also shown to activate the NLPR3 inflammasome in a process dependent on CD44 and HA internalization (93) . Biglycan can also activate the NLRP3 inflammasome by clustering P2X 7 with TLR2/4 (18) . Finally, histones released from necrotic cells were recently shown to activate the NLRP3 inflammasome independently of P2X 7 (94) .
IL-1␤ release in macrophages, but not in monocytes, requires two signals: an induction of pro-IL-1␤ transcription by NF-B activators followed by an activator of NLRP3 inflammasome formation (95) . Although it is possible for a signal to activate both, as is the case for biglycan and LMW-HA (18, 93) , such a requirement might reveal an interesting cooperativity between PAMPs and DAMPs that activate NF-B and evoke the release of endogenous ATP.
Future Challenges
For far too long, immunological research has focused only on the non-self as a source for immune recognition. It is now increasingly apparent that endogenous danger signals also represent a vital component of the immune response. DAMP release can serve as a marker of disease progression and severity (13, 96) . Furthermore, DAMP involvement has been shown in a large number of life-threatening sterile inflammatory conditions (for more detailed reviews, see Refs. 4, 11, and 42) . During the last decade, several modes of DAMP generation and various DAMP receptors and signaling pathways have been identified. Targeting DAMPs and their receptors is a promising strategy in the treatment of inflammatory conditions (2). However, there are still several gaps in knowledge that make translation of this field to effective therapies unsatisfactory.
The list of newly described DAMPs is growing every year. This is not astonishing taking into account that the innate immune system needs to be fine-tuned by several alternate ligand-PRR interactions. Thus, it is clear that this is only the tip of the iceberg and that there are many more types of DAMPs awaiting description. In this context, due to their structural homology to TLRs and some accessory molecules, molecules containing LRRs (e.g. ECM-derived SLRPs) appear to be good candidates to investigate. Furthermore, our current knowledge, particularly regarding ECM-derived DAMPs, is still quite primitive. ECM remodeling is a normal aspect of tissue reorganization or healing and results in the deposition or degradation of the ECM components. However, it is only when this process is deregulated that ECM components are recognized as a danger signal. It is thus increasingly important to understand what keeps these potential DAMPs in check under normal conditions and how the ECM is regulated normally to prevent the triggering of inflammation.
To develop selective DAMP-targeted therapy, it is clear that several key questions need to be addressed in the future, including the following. 1) What are the triggers of DAMP release and de novo synthesis upon tissue injury? 2) What is the mode of interaction between several DAMPs? 3) Do they have additive effects, or do they instead compete for binding to the same PRR? Preliminary unpublished data suggest a hierarchical mode of DAMP interactions. 3 Therefore, approaches to identify an initial DAMP trigger and the following DAMP-mediated "chains of command" should be the focus of future scientific attention. 4) How do DAMPs interact with PRRs? It is of note that the interactions of DAMPs with their receptors, in particular TLRs, are still not fully elucidated. Although clinical and immunological studies are invaluable in showing the importance and role of DAMPs, the details of these interactions need a closer examination, involving basic biochemical and structural biology approaches to characterize the assembly of DAMP-PRR complexes. 5) Is DAMP capable of choosing various accessory molecules by interacting with the same PRR to achieve different downstream effects? 6) How does DAMP-dependent cross-talk between PRRs and non-immune receptors influence signaling outcome? 7) What are the effects of DAMPs on PRRs in non-immune cells? 8) How do DAMPs and PAMPs interact during PAMP-dependent inflammation? It is conceivable that DAMPs may potentiate the effects of PAMPs via a second PRR that is not involved in pathogen sensing. However, when DAMPs and PAMPs are interacting with the same PRR, contact of PRRs with DAMPs prior to microbial invasion could lower the responsiveness of this PRR to PAMPs. Such studies might also reveal the molecular basis for some differential effects observed between PAMP and DAMP activation of the same receptors and their interplay in orchestrated signaling via distinct PRRs. Thus, answers to these questions would crucially contribute to therapeutic targeting of the PAMP-DAMP-PRR interactions and should open an extremely interesting avenue in clinical research.
Once the role of a molecule as a DAMP and its corresponding PRR(s) have been identified, it is at this level that any potential treatment for sterile inflammation has to start. It has to be restated that, under normal conditions, most molecules that can act as DAMPs exist in the organism and are essential for its continued survival. Therefore, a key aspect will be targeting these molecules specifically in their role as DAMPs, but without hindering their normal role in the body. This could be done, for example, by specifically disrupting residues or domains that are involved in the interaction of DAMPs with PRRs while leaving the rest of the molecule intact. In this respect, treating sterile inflammation seems more challenging than eliminating foreign bacteria or viruses, especially because the latter task is hardly an easy feat.
